Prolonged physical exercise is associated with multiple changes in the immune status indicating an acute phase response and an activation of the immune system. Eccentric muscle activation (e.g. downhill running) induces micro-trauma of skeletal muscles thus inducing an inflammatory response. At present there are no data to which extent the immune system is activated after a downhill marathon run and if there arc any correlations between immune activation and markers for muscle damage or functional impairment of leg muscles. As model for severe eccentric exercise we selected the Tyrolean Speed Marathon (42 km downhill run, 795 m vertical difference). 13 volunteers (12 male, 1 female; mean running time 224 min [range 193 -266 min.]) finished the run. Blood from antecubital veins was collected 3-4 days before (T1 ), 3-4 hrs before (T2) and immediately after the marathon (T3) as well as on the morning after the run (T4). We measured serum neopterin concentrations, white blood cell count. C-reactive protein (CRP), creatine kinase (CK), myoglobin (Mb), cardiac troponin I (cTnl) and troponin Τ (cTnT). Moreover, isokinetic muscle tests were performed. Following significant changes were found (before vs. after the run): increase in neopterin, CRP, total leukocyte count, CK. Mb, cTnl, cTnT, whereas isokinetic dynamometry showed a reduction in peak hamstring torque of both thighs after the marathon. There were no significant correlations (Spearman's rank correlation coefficient) between the observed changes in neopterin and CRP, CK, Mb. cTnT, c I ni or between neopterin concentrations and parameters of isokinetic muscle tests. We could demonstrate that a 42 km downhill marathon is associated a) with an activation of the cellular immune system, as evidenced by the increase in serum-neopterin. b) pronounced micro-skeletal muscle damage with high serum creatine kinase and myoglobin, and c) eccentric hamstring fatigue. The absolute changes in neopterin were moderate and similar to other types of exercise (flat course and bicycle marathon, mountain hiking).
Introduction
Physical exercise is associated with a variety of changes in body homoeostasis. Among other factors these changes arc mainly dependent on the individuals physical fitness and training status, on the type and duration of exercise and on pre-existing chronic diseases. Exercise-induced alterations in the immune system were reported frequently (1, 2) and are similar to the clinical picture of an acute phase response. Regular moderate exercise was described to increase immune competence (3) . whereas strong physical exercise and overtraining may compromise the immune response thus increasing the risk for upper-respiratory tract infections (4, 5) . Several studies have focused on the acute phase response to strenuous exercise (for review see 6) . Most studies could show following quantitative changes in white blood cell count after a single bout of exercise: Exercise-induced leukocytosis, attributed mainly to neutrophilia and to a lesser extent to lymphocytosis (T-cells and natural killer cells). Most of these changes were transient and accompanied by an increase in C-reactive protein (CRP) and pro-inflammatory cytokines (IL-1, IL-6 and/or tumor-necrosis factor-alpha) as well as anti-inflammatory cytokines (e.g. IL-1 receptor antagonist, TNF receptors, IL-10) (7) . Neopterin plays an important role as marker of the cellular immune system as well as mediator in infectious and inflammatory diseases (for review see 8) . Reports about exercise-induced changes in serum neopterin are scarce. Neopterin was increased after moderate endurance excrcise (e.g., mountain hiking, 9) but also after exhaustive endurance exercise (e.g., bicycle marathon and long-distance run; 10, 11, 12) . The causes for an acute phase response due to exhaustive prolonged exercise are multifaceted and complex. Prolonged physical exercise can result in skeletal muscle damage with protein leakage from injured skeletal muscle fibres which can be quantified by measuring plasma creatine kinase and myoglobin (13) . Local micro-trauma is known to activate an immune response leading to the systemic inflammatory response syndrome (SIRS; for details see 14) . Interestingly, this micro-trauma of skeletal muscles is more pronounced after eccentrically than after concentrically biased exercise (15) . Downhill running is a specific exercise pattern with a high contribution of eccentric muscle strain and known to induce microtraumata of skeletal muscles ( 16, 1 7) . Aim of our study was to analyse the consequences of a downhill marathon run on markers of cellular immune activation (i.e. neopterin) and to correlate possible changes of neopterin with biochemical markers and functional tests (i.e. isokinetic muscle tests) for skeletal muscle micro-traumatization.
Materials and Methods

Study design
Several weeks before the marathon all runners were informed about our study and encouraged to participate via the Tyrolean Speed Marathon website. Three to 4 days before running the downhill marathon (Tyrolean Speed Marathon; 795 m vertical difference) 16 subjects (14 male and 2 female runners) completed a survey designed to acquire baseline informations and medical history. Blood was collected from an antecubital vein without stasis by single venipuncture (Tl; between 8.00 and 10.00 a.m.). Blood collection was repeated 3-4 hrs before the start of the race (T2; between noon and 1.00 p.m.), within 30 min after finishing the run (T3; between 7.00 and 9.00 p.m.) and on the morning after the marathon (T4; between 8.00 and 10.00 a.m.). 13 participants were successful finishers of the marathon (12 men, one women). All subjects were free of cardiovascular risk factors and without evidence of any pre-existing heart disease according to case histories and clinical investigations. None of the volunteers reported about former knee joint ligamentous trauma. No participant took any medication during the study. Written informed consent was given by all participants. The study protocol was approved by the ethics committee of the Medical University of Innsbruck, Austria.
Laboratori'
analyses Cardiac troponins I (cTnl) and Τ (cTnT) were measured by a microparticle enzyme immunoassay (MEIA) and an clectrochemoluminescencc immunoassay (ECLIA) on automated analyzers (AxSYM ADV, Abbott Diagnostics, Illinois, USA; Modular Analytics E170, Roche Diagnostics, Mannheim, Germany), respectively. For c l nl, the cross-reactivity with skeletal Tnl and human cTnT is <0.1% and <1%, respectively. For cTnT, the cross-reactivity with skeletal TnT and human cTnl is 0.001% and 0.002%, respectively. Total creatine kinase (CK) was measured with a UV-test according to IFCC (Roche Diagnostics, Mannheim, Germany). Myoglobin (Mb) was analysed with an immunoassay (ECLIA; Roche Diagnostics, Mannheim, Germany). C-reactive protein (CRP) was analysed with an immunoturbimetric assay (Roche Diagnostics, Mannheim, Germany). Hemoglobin (Hb), packed cell volume (PCV) and white blood cell count were measured by standard methods. Serum neopterin was analyzed by ELISA (BRAHMS Diagnostica, Hennigsdorf/Berlin, Germany). All parameters given in concentrations per volume blood were corrected for exercise-induced changes in plasma volume according to the formula of van Beaumont (18) .
Isokinetic dynamometry An isokinetic dynamometer (CON-TREX MJ, CMV AG, Switzerland) was used to generate angle- torque curves. An angle-torque curve is a measure of the torque as a function of knee joint angle produced when the muscle is maximally activated during isovelocity shortening or stretching. After warm-up (10 minutes on a bicycle) subjects were seated on the CON-TREX MJ with their hip joint at approximately 90° flexion and their upper bodies secured with dual cross-over straps as well as a waist strap. The range of motion at the knee was approximately 110°. An angle of 0° was when the leg was fully extended at the knee and 110° when it was ñilly flexed. A thigh strap on the test leg was used to restrict any lateral movement at the knee, allowing only flexion and extension movements. Both legs were tested and the testing protocol consisted of concentric and eccentric quadriceps and hamstring contractions (4 repetitions each at an angular velocity of 60°s 1 ), respectively. Torque and angle signals were transferred from the dynamometer to a computer and analyzed. Optimum peak torques were recorded for hamstrings and quadriceps of both legs and used for statistical analysis. For further details regarding isokinetic dynamometry and Tyrolean Speed Marathon see (19) .
Statistics
For statistical analyses a non-parametric Friedman ANOVA was applied for the assessment of time dependencies. In case of a significant overall test, paired Wilcoxon tests were applied to assess the significance of changes in parameters of each time point compared to baseline. A p-value < 0.05 was considered as statistically significant. Data in tables and figures are given as mean values and 1 SD. In order to calcú-late Spearman's Rank correlation coefficients the highest differences post-vs. pre-race between the respective parameters were calculated. Correlations were done between neopterin and a) markers for skeletal muscle and myocardial injury, CRP, total leukoctyc count (TLC) and b) parameters of isokinetic dynamometry.
Results
The anthropometric data of the athletes and race results are listed in Table 1 . According to the training protocol and the finishing time our participants were not professional athletes. In Table 2 changes in white   Table 2 : White blood cell count before and after the marathon. Blood was collected before (T1 -3-4 days before the run; T2 = 3-4 hrs before the run) and after the marathon, (T3 = within 30 min after finishing; T4 = on the morning after the race). * indicate ρ < 0.05 T3, T4 vs. T1 blood cell count are demonstrated. All parameters of basophils, eosinophils and monocytes, were signifiwhite blood cell count, granulocytes, lymphocytes, cantly changed during the study (for all parameters ρ <0.001). The percentuage of granulocytes was significantly increased immediately and one day after the race. Lymphocytes, basophils and eosinophils were significantly reduccd at both post-race examinations. In contrast, monocytes exhibited a significant increase only at T4. Serum neopterin was elevated after the race (T3 and T4; ρ <0.01 and ρ <0.01, respectively; Figure  1 ). CRP was increased at T4 as compared to baseline (p <0.001; Figure 2 ). Cardiac troponins cTnl and cTnT were below the detection limit of the assay before exercise. Mean cTnl and cTnT concentrations showed exercise-induced increases (p <0.01). CTnl exceeded 0.04 μg/L in 69% of all athletes and cTnT was above 0.01 in 46% of all athletes after exercise.
Exercise resulted in significant increases in CK activities and Mb concentrations (p <0.001). CK was increased by +1087 U/L at T3 (p = 0.02) and by +3781 U/L at T4 (p=0.0002). Corresponding increases in Mb were +153^g/L (p <0.001) and 984 \xgIL (p=0.0002). Hb and PCV did not change significantly during the study. Plasma volume changes were -1.4 ± 1.3% at T3 (ΔΤ3-Τ2; ρ = not significant) and 4.2 ± 1.2% at T4 (ΔΤ4-Τ2; ρ = 0.012).
Isokinetic dynamometry did not show significant differences in hamstrings or quadriceps concentric contractions of the right and the left thigh after the marathon. In contrast there was a significant reduction of the eccentric contractions for the right (p = 0.024) and the left (p = 0.012) hamstrings after the run (T4 vs.
Tl).
( Table 4 ). In addition, no correlation was found between post-exercise neopterin values and finishing time (data not shown).
Discussion
After the Tyrolean Speed Marathon we could find pronounced changes in different systems: a) Activation of the cellular immune system with an increase in serum neopterin reaching maximum immediately after the run, b) micro-skeletal muscle trauma as evidenced by high serum creatine kinase and myoglobin after the marathon, and c) eccentric hamstring fatigue. There were no correlations between cellular immune activation and a) degree of micro-skcletal muscle trauma or b) changes in isokinetic dynamometry.
The cellular immune system was moderately activated as indicated by significant elevated serum neopterin values immediately after the run and one day later. The absolute increase in neopterin was +2. Correlation analyses are shown in Tables 3 and 4 . There were no significant correlations between neopterin and CK, cTNI, cTNT, Mb, CRP or TLC (Table 3) . Correlations were also missing between neopterin and parameters of isokinetic dynamometry Marathon" where participants had to run at a flat course. Since in both studies biochemical parameters were corrected for changes in plasma volume differences in post-run volume status of the athletes can be excluded. Another study which failed to show any sig- Although eccentric muscle exercise is metabolically less demanding it induces more muscle fibre damage, a stronger inflammatory response and a higher rate of oxidative stress than concentric exercise (26, 27) . Eccentric work is known to be associated with delayed onset of muscle soreness, muscle fiber disarrangement, release of muscle proteins into plasma, an acute phase immune response similar to SIRS, and a decrease of muscle performance.
This was confirmed by our data of the Tyrolean Speed Marathon:
All participants were obviously affected by micro-trauma of the skeletal muscle which could be demonstrated by very high serum concentrations of creatine kinase and myoglobin analysed after the marathon. CK was increased more than 12-fold at T4 and the increase in myoglobin was 22-fold at T3. Moreover, after the marathon eccentric hamstring fatigue was measured by isokinetic dynamometry which we discussed in detail recently (19) . 
